ABSTRACT
Introduction
Abnormal activation of protein tyrosine kinases has been observed in different pathological conditions such as inflammation, autoimmune disease and cancer (12) . Several therapeutic attempts have been made to target the function of these kinases. Highly potent and selective tyrosine kinase inhibitors are tyrphostins, a family of drugs with benzenemalonitrile structure (11) .
Recently, a new analogue of tyrphostins has been generated -AG-490. The drug has a selective action towards JAK2 and JAK3 kinases (4) . These kinases are involved in the cytokine signaling pathways triggered via cytokine receptors and are responsible for the activation of transcription factors named STATs (signal transducer and activator of transcription). While JAK2 kinase activates STAT3, JAK3 kinase influences STAT1 signaling pathway (15) . Tyrphostin AG-490 decreases IFN-γ-induced STAT1 activation (17) . The drug inhibits STAT3 signaling and growth of breast carcinoma cells (3) . The inhibition of JAK2 kinase attenuated the activation of STAT3 in astroglial cells and the induction of glial fibrillary acidic protein (GFAP) (19) . Macrophages transfected with gamma-interferon activating sequence (GAS) elements had decreased JAK2-induced Akt phosphorylation and IL-6 production after AG-490 application (10).
Septic shock is an inflammatory disease characterized with a high rate of mortality. The disease develops in result of overactivation of macrophages, neutrophils, complement system, T and B cells, and overproduction of proinflammatory cytokines and mediators. The main reasons for increased mortality at the late stage of disease are the collapse of major organs, immunosuppression and apoptosis. In our previous study AG-490 was administered to mice with zymosan-induced shock in a dose of 5 mg/kg (2 
Materials and methods

Reagents
Zymosan A from Saccharomyces cerevisiae (Sigma-Aldrich, Germany) was suspended in endotoxin-free water at a concentration of 40 mg/ml, autoclaved for 30 min and stored in aliquots at -20°C. Tyrphostin AG-490 (2-Cyano-3-(3,4-dihydroxyphenyl)-N-(benzyl)-2-propenamide from SigmaAldrich) was dissolved to 5 mg/ml in 75 % ethanol, aliquoted and frozen at -20°C. Animals Female or male SCID mice, 8-10 weeks old, weight 20-25 g, were purchased from The Charles River Laboratories (Wilmington, MA, USA). The animals were maintained in specific pathogen free environment. All experiments were approved by the Animal Care Committee at the Institute of Microbiology, Sofia.
Experimental design
Shock was induced by intraperitoneal injection of 0.8 mg/g body weight zymosan (0.5 ml) in SCID mice (n=15/group). The stock solution of tyrphostin AG-490 was diluted to 1 mg/ml in endotoxin-free PBS (Cambrex Bioscience, Belgium) and was administered intraperitoneally in a dose of 5 mg/kg. The animals were treated with AG-490 immediately after the induction of shock. Control groups received vehicle solution (0.5 ml) containing 1.2% ethanol in endotoxin-free PBS. Blood, liver and spleens were collected on day 21 of zymosan injection.
Organ Weights
Liver and spleen were removed and measured. The relative organ weights were calculated and presented as a percentage of total body weight.
Differential count of peripheral blood cells
On day 21 of shock blood was collected by retro-orbital puncture and blood smears were prepared. After fixation with methanol, the blood smears were stained by GiemsaRomanovsky dye. The cells were counted using a light microscope (BM-180 T/PL, Boeco, Germany) at 1x400 magnification. The percentile of each cell population was calculated per 200 cells.
Isolation of splenocytes
Spleens were removed and placed in Petri dishes with 5 ml ice-cold sterile RPMI-1640 (Cambrex Bioscience, Belgium). After lysis of red blood cells with ACK buffer (155 mM NH4Cl, 10 mM KHCO3, 2 mM EDTA; pH 7.4), the splenocyte suspension was washed with PBS and counted.
Isolation of hepatocytes
Livers were perfused via the portal vein with 5 ml ice-cold PBS buffer (pH 7.4). After complete elimination of blood in each lobe, the liver slurry was rapidly disrupted, collected in 20 ml PBS with 2% fetal calf serum (FCS) and centrifuged at 300 x g for 10 min at 4°C. The cell pellets were resuspended in 10 ml digestion solution (0.02 μg/ml DNase I, 2% FCS, 0.6% bovine serum albumin (BSA) and incubated for 20 min at 37°C. The cells were washed 2 times with ice-cold PBS and then centrifuged at 30 x g for 3 min. The intrahepatic cells remaining in the supernatant were separated on Histopaque-1083 gradient centrifugation for 30 min (SigmaAldrich, Germany), washed twice with PBS and counted. The pellet containing a majority of hepatocytes were resuspended in RPMI-1640 and counted.
Determination of NO production
Hepatocytes were resuspended at a concentration 1x10 6 cells/ml in RPMI-1640 medium supplemented with 5% FCS, 100 U/ml penicillin, 100 μg/ml streptomycin, 2 mM Lglutamine, 25 μM β-mercaptoethanol and 10 mM HEPES. The cells (100 μl/well) were added in triplicates to 96 well plates (Greiner Bio-One GmbH, Germany) and were stimulated with 10 μg/ml zymosan for 18 h at 37°C, 5% CO 2 . The concentration of the stable NO-metabolite, nitrite was determined in the culture supernatants by a standard Griess reaction (2) . Culture medium (100 μl) was incubated for 10 min at room temperature with 100 μl of Greiss reagent (0.1% napthalethylenediamine dihydrochloride, 1% sulfanilamine, 2.4% H 3 PO 4 ) and the absorbance was measured at 540 nm.
Statistical analyses
Data are expressed as mean ± SD. Statistical significance of differences was analyzed by Student's t test using InStat3.0 and GraphicPad Prism 5.0 (GraphPad Software Inc., CA, USA). Statistical significance of differences was determined as p<0.05.
Results and Discussion
Effect of tyrphostin AG-490 on the number of peripheral 
monocytes
In the present study we investigate the effect of tyrphostin AG-490 on the development of aseptic shock. The acute inflammation was provoked in mice with severe combined immunodeficiency (SCID). Previously, we have observed that SCID mice are more sensitive than normal BALB/c mice to zymosan-induced shock (16) . The dose of 0.8 mg/g body weight caused 60% mortality in SCID mice within 48 h. All animals had peritonitis, increased body temperature, ruffled fur, diarrhea and conjunctivitis. After 2 days the surviving animals seems to recover. On day 21 of shock, the differential count of peripheral blood was performed after Gimsa-Romanovsky stain. The percentile of neutrophils in shock mice was close to that in control SCID mice (50.0 ± 3.4 % in control group; 43.6 ± 6.3 in ZY group). It is well demonstrated that the number of neutrophils increased at the onset of inflammation (4 or 24 h), as well as their ability to produce cytokines and reactive oxygen species (22) . At the late stage of disease we observed that the percentile of neutrophils in the periphery did not increase, probably due to the extensive migration of this population in the organs during the early stage of the disease. Other mechanism responsible for the loss of neutrophils can be the induction of apoptosis. In septic patients the functional defects in neutrophils such as reduced neutrophil adherence, chemotaxis and phagocytocis trigger the apoptotic signals that in turn, lead to immunosuppresion (8) . While neutrophil functions are abnormal, macrophages are strongly activated in shock. On day 21 of zymosan injection the percentile of monocytes in SCID mice increased 2 times -from 23.3 ± 3.1 in control group to 55.3 ± 11.0 in ZY group. The data showed that at the late stage of disease in a condition where functional T and B cells are missing, monocytes are the main effectors in the periphery. The importance of this population for the development of zymosan-induced inflammation was previously studied by our group. Treatment with etoposide, a drug that selectively eliminates monocytes, improved the survival and systemic cytotoxicity in shock (16) . In the present experiments the administration of tyrphostin AG-490 rendered the frequencies of monocytes to the baseline values (17.3 ± 9.0 in ZY+AG-490; 23.3 ± 3.1 in control group; 55.3 ± 11.0 in ZY group). However, further evaluation of the effect of tyrphostin AG-490 on the migration ability of monocytes will be of interest.
Effect of tyrphostin AG-490 on the relative spleen weight and the number of splenocytes
SCID mice did not have functional T and B lymphocytes and their spleens are enriched with monocytes. On day 21 all SCID mice with shock had splenomegaly. The administration of 5 mg/kg AG-490 reduced spleen enlargement (Fig. 1A) and decreased the number of splenocytes (Fig 1B) . The low relative spleen weight in AG-490-treated mice can be due to the reduced influx of monocytes in the spleen. Similar action of the drug described in the animal models was associated with a downregulation of chemokine receptor expression (13, 14) . Other explanation for our data can be that the drug affects or triggers the apoptotic events in murine spleens. Recent study has demonstrated that shock induces apoptotic changes in murine spleen through a time-dependent and biphasic activity of key apoptosis-inducing enzymes (caspase-3/7 and caspase-8), apoptosis-related CD120 α expression and DNA fragmentation (7) . Such as parenchymal apoptotic processes has been increased by the use of several pharmacological substances like staurosporin (20) or bleomycin (18) . Our previous investigations have shown that tyrphostin AG-490 even at a higher dose of 10 mg/kg did not have any cytotoxic or suppressive side effects (2). However, further investigations showing the effect of the drug on the induction of apoptosis should be made.
Effect of tyrphostin AG-490 on relative liver weight, hepatocytes and intrahepatic cell numbers
Liver is a key organ in sepsis (21) . We observed that SCID mice had increased relative liver weight on day 21 of zymosan injection (5.58 ± 1.06 in control group, 6.95 ± 1.15 in ZY group). In the group of tyrphostin-treated SCID mice with shock, liver weight was lower than that in untreated mice but still was increased compared to control SCID mice (5.58 ± 1.06 in control group, 6.95 ± 1.15 in ZY group, 5.6 ± 1.20). The drug reduced the number of intrahepatic cells suggesting inhibited influx of activated effectors -mainly monocytes and neutrophils in SCID mice ( Fig. 2A) . Intrahepatic cells regulate the local inflammation as they are the source of cytokines (IL-6, IL-10, TNF-α), reactive oxygen species and NO. By inhibiting this population, tyrphostin can prevent further activation of hepatocytes and liver damage. Interestingly, tyrphostin AG-490 enhanced the number of hepatocytes in SCID mice despite the decreased intrahepatic cell numbers (Fig 2B) . These unexpected data showed the complexity of cell interactions in liver. Probably, at this late stage of shock, tyrphostin affected the process of liver regeneration and instead inhibition of hepatocytes, it triggers stimulating signals. In respect to hepatocytes, NO regulates the hepatic organic anion transport and participate actively in the continuous formation of bile. Moreover, the overexpression of hepatic eNOS inhibits ischemia-reperfusion injury in the liver (5 should be noted that the effect of AG-490 on hepatocyte NO production was observed in SCID mice that do not have functional T and B cells. The role of T and B cells in liver injury is under intensive study. While T and B cells mediate liver inflammation in some animal models, in other investigations these populations play a protective role (9) ). This discrepancy comes from the fact that at distinct stages of liver injury, T and B cells can express different effector functions.
